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Abstract 
Jet-and-flash nano imprint lithography (NIL) has successfully been utilized for the fabrication of surface acoustic 
wave (SAW) sensors. These SAW sensors will be used for passive wireless sensing of physical parameters, e.g. the 
temperature inside gas turbine engines. This is the first time metal lift-off processes based on jet-and-flash NIL have 
been established on the piezoelectric substrate material lanthanum gallium silicate (Langasite). NIL produced 
Langasite SAW temperature sensors have successfully been fabricated on various crystal cuts and SAW electrode 
metallization using Ti/Pt and Ti/Ni have been realized. Langasite based SAW sensors are to be used for passive 
wireless temperature monitoring at up to 950 degrees Celsius.  
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1. Introduction 
During the last decades the economics of semiconductor based devices has driven the accelerated 
development of microfabrication utilizing lithography. At present, mainstream production of devices is 
performed by optical lithography operating at 193 nm wavelength. The rapid scaling of half pitch 
dimensions has been coordinated by the International Technology Roadmap for Semiconductors (ITRS). 
Amongst extreme ultra violet optical lithography (EUV) the ITRS has identified nano imprint lithography 
(NIL) as an emerging pattering technology for extended half pitch reduction. NIL enables low cost 
nanostructuring on planar substrates. Nano structuring by NIL was developed in the mid 90´s by pioneers 
such as Steven Chou [1]. Since then, the development of imprint methodologies has been focused on two 
major classes; thermal NIL [2] and UV-light NIL [3]. For nanostructuring on fragile substrates such as 
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piezoelectric materials common thermal based NIL is often not viable. This is due to the use of fast high 
temperature ramping and the need of high imprint pressures for thermal NIL, which often destroy fragile 
substrates during processing. UV-light NIL is on the other hand capable of nano pattering on fragile 
substrates as it does not exert any temperature cycling but only involves a UV-curing procedure, and the 
imprint pressure is only a fraction of the pressures as used in thermal NIL processes. This makes UV-light 
NIL attractive for the structuring of devices such as surface acoustic wave (SAW) devices. SAW 
components is a major industry and is mostly used for frequency filtering/synthesis in electronic devices, 
such as mobile phones, GPS, and WiFi. Aside this mainstream activity, recent development has shown 
their industrial potential for wireless sensor applications. These devices can be remotely interrogated for 
measuring various physical parameters, without the need for a dedicated power source. A key-point in 
achieving industrial success is the development of calibration-free SAW sensors. For this purpose, 
increased accuracy at the nanometer level is required in their fabrication. This challenge e.g. concerns 
resonator-based systems which operate in the ISM bands at 434 and 866 MHz (EC market). Due to the 
limited resolution of affordable optical lithography, the fabrication dispersion for a given frequency is 
roughly 100 ppm at best. The device fabrication is at present a major technological barrier for which NIL 
might be a solution. NIL circumvents the major barriers related to cost of device production using 
established technologies such as electron beam lithography (EBL) and UV stepper lithography, while 
enabling ultimate lithographic precision and resolution. Most importantly it is possible to combine micro 
and nanostructures on a single template. This circumvents possible issues related to mix-and-match 
processing combining EBL and optical lithography. Now we report on the successfully production of 
SAW temperature sensor devices based on special jet-and-flash NIL processing (J-FIL) on fragile 
piezoelectric Langasite substrates. 
2. Experimental 
For J-FIL processing a NIL template is defined using electron beam lithography on a 65x65x6.55 mm 
fused silica blank. The desired micro/nano designs are etched out into the pre-defined MESA of the 
template. By using a relatively small template for jet-and-flash NIL the template production costs are 
considerably lower compared to full field templates used e.g. in thermal NIL. The fundamental steps of 
imprint process are illustrated in fig.1. The imprint monomer is locally dispensed using ink-jet technology 
on the Langasite substrate wafer. The Langasite wafer has previously been spin-coated with an 
adhesion/transfer layer (Microchem SF5S). The possibility to locally dispense the imprint resist is an 
imperative feature since this enables the user to tune the drop pattern in relation to the template design. 
The drop pattern is tuned in order to achieve a uniform residual layer thickness over the full imprint field 
during the imprint process. After that the imprint resist has been applied, the template is brought into 
contact with the imprint resist and capillary forces pull the template into contact and the resist fills the 
template cavities. After a short settlement time UV light is used to cure the imprint monomer after which 
the template is separated and stepped to the next imprint area, and the process is repeated. Following the 
imprint process a halogen dry etch is used to etch the partially Si containing residual layer of the imprint 
resist in order to expose the transfer layer. The transfer layer is dry etched using oxygen plasma. Electron 
beam evaporation of Ti/Pt, Ti/Ni (100-200 nm thickness) followed by a lift-off process has been 
implemented for the SAW sensor fabrication.  
862  E. Forsén et al. / Procedia Engineering 25 (2011) 860 – 863
 
Figure 1. Schematic illustration of the varios processing steps. (a) The substrate wafer (100 mm Langasite wafer) has been coated 
with a Microchem SF5S transfer layer which is needed in order to enable a high quality lift-off process. It also has the benefits of 
minor planarization improvement as well as that it act as a adhesion layer for the imprint polymer. (b) The imprint polymer is 
applied to the substrate using an ink-jet system and the template is brought into contact with the imprint monomer which fills the 
template cavities. An important feature of the imprint process is the possibillity (neccesity) to tune the drop pattern/volume of the 
imprint monomer in relation to the imprint design in order to ensure a homogenous residual layer after imprinting. The imprint 
monomer is polymerised by UV-light and the template is released from the substrate. (c) A halogen based dry etch process is used in 
order to etch trough the residual layer (approx. 10-15 nm) of the partly silicon containing imprint resist. (d) An oxygen plasma dry 
etching process of the organic transfer layer is used to transfer the design down to the substrate surface. Since the imprint monomer 
partly contains Si, a SiO2-organic hardmask is formed during oxygen plasma etching, which enables excellent etch resistance during 
the transfer etch. (e) A line-of-sight physical vapor deposition process is used to deposit the desired SAW metallization. (f) The 
substrate wafer is placed in an NMP-based solvent which eventually lifts-off the transfer layer and leaves the metal structures 
remaining on the substrate surface.
3. Results 
Examples of SAW structures fabricated by J-FIL and metal lift-off are displayed in fig.2. These devices 
illustrate the well-defined lift-off process both for Pt and Ni metallization. The J-FIL and lift-off process 
has been successfully verified down to 80 nm metal lines (to be published elsewhere), which ensures the 
possibility for production of ultra-high frequency devices. The impulse response of another class of 
fabricated SAW devices, which are to be wirelessly interrogated for high temperature sensing, is 
presented in fig.3. The impulse response shows a well-defined resonance peak at 429.7 MHz. The quality 
factor is of the order of 4000. This is sufficient for wireless interrogation at elevated temperature up to 
950 degrees Celsius. The concern for such measurements is related to the stability of the SAW electrode 
material at such temperatures. Various electrode materials are screened at present in order to find the 
ultimate combination. 
4. Conclusions 
In conclusion, J-FIL has been used for successful fabrication of SAW sensor devices based on Pt and Ni 
structuring on Langasite. These devices have been shown to operate in accordance with set device 
specifications for wireless operation at elevated temperatures. The objective will be to operate at 
temperatures up to 950 degrees Celsius. The major obstacle is to adopt the optimal electrode metallization 
which is stable at such temperatures under extended periods of time. Future work is related to utilizing 
co-E-beam evaporation in order to establish stable electrode materials.  
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Figure 2. Optical images of J-FIL produced SAW devices after metal lift-off using Pt and Ni (a-d). Scanning electron microscope 
image taken after J-FIL processing, up to the point of metal deposition. A focused ion beam has been used in order to make a cross 
section displaying the structured layers. The metal lies in contact with the substrate surface in between the polymer posts. The 
desired undercut has been achieved in the transfer layer, and in the imaged sample it has been exagerated for illustration. This 
ensures that high quality lift-off will be acheved in the final process step circumventing rip-off related artefacts (e).  
 
 
 
Figure 3. Impulse response of a NIL fabricated Langasite SAW resonator having a Ti/Pt (5/150 nm) metallisation. The centre 
frequency is 429.7 MHz and the quality factor is 4000. These SAW resonator temperature sensors are to be wirelessly interrogated 
at elevated temperatures at up to 950 degrees Celsius. 
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